INTRODUCTION
The differentiation of marrow cells into granulocytes and mononuclear cells in vitro (1-3) requires the addiThis work was presented in part at the Annual Meeting of the American Society for Clinical Investigation, May 1974 .
Dr. Chervenick is a Leukemia Society of America Scholar. Received for publication 21 June 1974 and in revised form 14 October 1974. tion of a source of colony stimulating activity (CSA) 1 (2, 4) . Previous studies in our laboratory and others have indicated that the monocyte/macrophage system in the blood (5) (6) (7) and tissues (8) (9) (10) of animals and man is a major source of CSA. Recently, increased levels of CSA have been found in certain immunologic reactions such as graft versus host reactions (11) , mixed leukocyte cultures (11, 12) , and mitogenic stimulation of lymphocytes (12, 13) , suggesting that the lymphocyte may be a source of CSA in certain situations. The role of lymphocytes and, more specifically, the type of lymphocytes involved in the release of CSA was further investigated and forms the basis of this report.
METHODS

Animals
Inbred strains of 2-3-mo-old (C75BL X DBA) F1 mice bred in our laboratory from stock purchased from Jackson Laboratories (Bar Harbor, Maine) were used for most experiments. In certain experiments, C57BL and AKR mice, purchased from Jackson Laboratories, were also used. Rabbits were purchased from local breeders.
Lymphocyte cultures
Cell suspensions from the spleens and thymuses of mice were prepared by gentle dispersion through stainless steel sieves into cold CMRL-1066 media. Care was taken to remove the evident perithymic lymph nodes from the thymuses by the method described by Leckland and Boyse (14) . Mononuclear cell suspensions were obtained by FicollHypaque gradient centrifigation (15) (Sigma Chemical Co., St. Louis, Mo., and Winthrop Laboratories, New York, respectively). Nonadherent cell fractions were obtained by 'Abbreviations used in this paper: B cell, bone marrowderived lymphocyte; CM, conditioned media; Con A, concanavalin A; CSA, colony-stimulating activity; [3H] TdR, tritiated thymidine; PHA, phytohemagglutinin; PKW, pokeweed mitogen; T cell, thymus-derived lymphocyte.
The Journal of Clinical Investigation Volume 55 March 1975. 520-527 520 filtering mononuclear cells through Pyrex wool columns (16) . In certain experiments, other procedures, including multiple glass adherence and iron particle phagocytosis (17) , were used to remove adherent cells. Cell suspensions contained at least 98% lymphocytes as judged by morphology on smears stained with Wright's stain and by in vitro phagocytosis of carbon particles (1/300). Conditioned medium (CM) was prepared by incubating these lymphocytes in various concentrations in CMRL-1066 medium in loosely capped plastic tubes (Falcon Plastics, Division of BioQuest, Oxnard, Calif.) in a humidified atmosphere of 10% CO2 for varying periods of time. At the end of the incubation, cells were removed by centrifugation (2,000 g) for 10 min and the cell-free supernate (the CM) was passed through a Millipore filter and stored at -200C, before assaying for CSA.
Adherent spleen cell cultures
Mononuclear spleen cell suspensions obtained by FicollHypaque centrifugation were incubated in 35-mm plastic petric dishes in 1 ml of CMRL-1066 supplemented with 15% fetal calf serum. After 2 h of incubation at 370C, the nonadherent cells were removed by vigorous washing with Seligmann's basic salt solution, and adherent cells were resuspended in culture media. The process was repeated 48 h later at which time greater than 95%o of the adherent cells were macrophages as judged by morphology and phagocytosis of India ink. Phagocytosis was measured by adding India ink at a concentration of 1/300 to the cells and shaking in a 370C water bath for 30 min. After washing the cells three times, they were stained and counted for ingestion of carbon particles.
Assay for CSA CSA of CM from various cell fractions was assayed by its ability to stimulate colony formation from murine marrow in the soft-gel system described by Pluznik and Sachs (1) and Bradley and Metcalf (2) . Methylcellulose was used in place of agar (18) . Briefly, normal marrow cells were suspended in 1.6% methylcellulose, 10% horse serum, and CMRL-1066 medium. To 0.9 ml of the mixture of cells, horse serum, and medium, 0.1 ml of test CM was added for stimulation. 1 
Preparation of antisera
Rabbit anti-T cell sera. Mouse thymocytes (1 X 10') were emulsified in complete Freund's adjuvant and rabbits were injected intramuscularly on two occasions, 1 mo apart, and exsanguinated 1 wk after the final injection (20) . All sera were heat inactivated for 30 min at 56°C and then stored at -20°C. The following sequential absorptions (packed absorbant/serum=1/10 in volume; 30 min at 0°C) were performed according to Raff (21) 
Measurement of cytotoxicity
Cytotoxicity was assayed by incubating 0.5-2.5 X 106 target cell/cm' CMRL-1066 with 1/4 dilution of antisera for 1 h at 37°C. Agarose-absorbed guinea pig complement (23) was added in a volume of 0.1 ml and the cultures were incubated for 2 h. An equal volume of 0.2% trypan blue was added to an equal volume of the cultures and 200 cells were counted for viability. Experiments in which complement alone killed more than 10% of the cells were excluded. The cytotoxic index (CI), which represents the specific killing for each antisera, was calculated by using the following equation: CI = 100 X (% killed with antiserakilled with normal rabbit serum) /(100 -% killed with normal rabbit serum). The effect of PHA stimulation on the time-course of release of CSA from lymphocytes is seen in Fig. 2 . PHA stimulation of [3H]TdR incorporation increased to a maximum at day 3 (24,098+3,191 cpm/2 X 10' cells) and fell to control levels by day 5 (1,638±428 cpm). A 2-5-fold increase in CSA release occurred during this same period from PHA-stimulated lymphocytes as compared to unstimulated cells with maximum difference on day 3. The increase in CSA release closely followed the increase in [8H]TdR incorporation. After 3 days of incubation, CSA from PHA-stimulated spleen lymphocytes stimulated 116±-4.00 colonies as compared to 19±1.67 colonies from unstimulated cells. In PHA-stimulated cultures, CSA release occurred earlier than in unstimulated controls and reached maximal level by day 4. On the other hand, unstimulated cultures of spleen lymphocytes had a lag of 3 days before significant amounts of CSA were released and reached maximal amounts by day 7. Further incubation to 10 days resulted in virtually no change in CSA levels with 142±4.7 colonies/0. released by mitogen-stimulated thymocytes followed a similar pattern. There was no significant difference between the amount of CSA released from Con A (114±3.67)-or PKW (120±4.00)-stimulated cells, but both mitogens released significantly more than PHAstimulated cells (42+1.33) (P < 0.001). In all instances mitogen-stimulated spleen lymphocytes released significantly (P < 0.001) greater amounts of CSA than did mitogen-stimulated thymocytes.
The addition of mitogen directly to cultures of bone marrow cells unstimulated and stimulated with conditioned media from mouse L cells neither stimulated nor inhibited colony formation at the concentrations used.
The morphology of cells growing in the colonies stimulated by CSA obtained from both mitogen-stimulated and unstimulated lymphocytes was granulocytic for the first 4 days of culture and by day 7 the cells were entirely macrophages, similar to that observed with stimulation by other CSAs (24) .
Since mature lymphocytes can be divided both physically and functionally (21) into T (thymus-dependent) lymphocytes and B (thymus-independent or bone marrow) lymphocytes, the question was raised as to which cell type was responsible for CSA release. Heteroantisera can be obtained by immunization with mouse thymocytes, which after appropriate absorption react only with mouse T lymphocytes (20) . Heteroantisera to B cells were prepared according to Lamelin et al. (20) . With these antisera, it is possible to specifically the relative proportions of B and T cells in the spleen were 38 and 54% and are in close agreement with results previously reported with heterologous and alloantisera (20, 21, 25) .
The ability of T cell-depleted and B cell-depleted lymphocyte cultures to release CSA is seen in Fig. 3 . There was no significant change in the amount of CSA released from spleen lymphocytes when incubated with anti-B cell sera. CSA from spleen lymphocytes incubated with anti-mouse B cell sera stimulated 61±3.33 colonies as compared to 64±4.33 colonies stimulated by CSA from control cultures not containing antisera. On the other hand, CSA from lymphocytes incubated with anti-mouse T cell sera resulted in almost complete inhibition of colony stimulation (4±0.67 colonies/0.1 Similar results were obtained with PHA-stimulated spleen lymphocytes and these are seen in Table III . Anti-T cell sera eliminated both the release of CSA Since it is possible that stimulated T cells release a soluble factor which may stimulate other cells types, such as macrophages, to release CSA, an attempt to demonstrate such a factor was made. Spleen lymphocytes stimulated with mitogen were cultured for 48 and 72 h and the cell-free supernates were added to freshly cultured spleen macrophages and lymphocytes. The results as seen in Table IV indicate that no increase in CSA was found in any of the cultures to which the supernates were added. In the lymphocyte experiments, methylglucoside was added to the Con Atreated supernate so that the remaining mitogen could not directly stimulate the lymphocytes to produce CSA.
Analysis of the mitogen-stimulated cultures at days 3 and 4 showed that 5 and 9%, respectively, of the viable cells were phagocytic ( Table V) , indicating that there were less than 2 X 10 macrophages present in these cultures. Since appreciable CSA formation after 4 days requires at least 1 X 106 macrophages/ml (Table IV) , it is unlikely that the macrophage is the source of CSA in the mitogen-stimulated cultures.
Studies with CSA from other sources have demonstrated that it is a heat-stable glycoprotein with a molecular weight of approximately 40-60,000 daltons (26, 27) . The molecular weight of CSA obtained from both unstimulated and mitogen-stimulated lymphocytes was chromatographed on Sephadex G-200 columns (Fig. 4) . CSA from PHA-stimulated cultures was present in a single sharp peak corresponding to a molecular weight of approximately 36,000 daltons as determined according to Whitaker (28) . CSA from unstimulated lymphocyte cultures gave the same elution pattern.
DISCUSSION
The results of these studies indicate that lymphocytes from the thymus and spleen can release CSA when cultured in vitro and the amount of CSA released can be increased 2-5-fold by stimulation with PHA, Con A, or PKW. Stimulation by mitogens shortens the incubation period before CSA is released as well as the time required to obtain maximal release. Maximal release of CSA occurred by day 7 and incubation for longer periods up to 10 days did not result in a greater amount of CSA being released. At no time did unstimulated cultures release more than one-half the amount of CSA obtained from stimulated cultures, suggesting that cell stimulation was responsible for the increased production. shown.
There appeared to be a correlation between the incorporation of [8H]TdR and CSA release (Table I) and both responses were abolished by anti-T cell sera. However, the observation that PHA-stimulated thymocytes release CSA while not incorporating a significant amount of [3H] TdR suggest that the two parameters may not be directly associated. This area is now being investigated in our laboratory.
Spleen lymphocytes consistently produced more GSA than the same concentration of thymocytes. A possible explanation for this finding is that the bulk of thymocytes are immature, and larger numbers of thymocytes as compared to spleen lymphocytes are required for comparable graft versus host reactions (29) and mitogen stimulation (30) . In support of this possibility was the greater increase in CSA release from thymocytes by Con A than PHA which is in keeping with the greater responsiveness of immature thymocytes to stimulation with Con A (30, 31) .
Previous reports have demonstrated that human and murine spleen cells (11, 32) can release CSA, although the exact cell type responsible for its release was not determined. Lymphocytes can be separated into two distinct classes by the use of specific antisera to T and B lymphocytes. Such antisera were produced in rabbits by injecting either mouse thymocytes or mouse B cells, the latter obtained after treating spleen lymphocytes with anti-6 serum. These antisera were shown to be specific by both trypan blue dye cytotoxicity and indirect immunofluorescence.
Incubation of lymphocyte cultures with these antisera demonstrated that anti-T sera eliminated the ability of Release of Colony-Stimulating Activity from Thymus-Derived Lymphocytes 525 lymphocytes to release CSA, indicating that the T lymphocyte was responsible for the release of CSA. Anti-B cell sera had no effect on the ability of lymphocytes to release CSA. Similar results with specific antisera were also obtained in PHA-stimulated cultures. These results suggest that the cells stimulated by PHA to release CSA and the cells spontaneously releasing it are both killed by anti-T cell sera and are probably the same cell.
These findings are in keeping with the observations of Parker and Metcalf (12) who studied unfractionated spleen cells from nude mice. They observed that PKW, a stimulator of both T and B cells, did not stimulate release of CSA from spleen cells of nude mice (congenitally athymic mice possessing no functional T cells), suggesting that PKW acted to release CSA from T cells.
While it is possible that macrophages present in the cultures could contribute to some of the CSA release, their concentration was too small to produce the amount of CSA obtained (9, 12) . CSA release was not seen with concentrations of less than 106 spleen macrophages/ml. Determination of the cell types present during the culture period indicated that at no time did the concentration of macrophages exceed 2 X 106/ml. In addition, the use of iron particle phagocytosis and multiple glass adherence steps after Pyrex wool filtration did not reduce the amount of CSA released, suggesting that macrophage contamination was not responsible for CSA release in these lymphocyte cultures.
Another possibility was that stimulated T cells might be producing a factor which stimulated other cell types such as macrophages to release CSA. An attempt to demonstrate such a soluble factor in the supernates of mitogen-stimulated cultures was unsuccessful. Neither macrophages nor lymphocytes could be stimulated to release more CSA by the addition of these supernates.
Studies on the CSA released by the unstimulated and mitogen-stimulated lymphocytes indicated that it is similar to CSAs obtained from other sources (26, 27) . The molecular weight of this lymphocyte CSA was approximately 36,000 as determined by gel filtration. A low molecular weight CSA similar to that recently obtained from human blood leucocytes (33) and mouse lung (34) was not found in these cultures.
A number of soluble lymphocyte products (lymphokines) are known to be released from stimulated and unstimulated lymphocytes (35) . These factors include macrophage migration inhibition factor, chemotatic factor, and lymphotoxin. It is generally thought that these soluble factors originate only or mainly in T cells (35) .
The results of these studies suggest that T lymphocytes are capable of releasing still another factor (CSA) which may be responsible for increased levels of granulocytes and mononuclear cells seen in certain immunologic reactions.
